  Abbreviations, acronyms & symbols                                                          
  ----------------------------------- ----------------------------------------- --- -------- ------------------------------------------
  ASA                                 = American Society of Anesthesiologists       Pd       = P-wave dispersion
  BAI                                 = Beck Anxiety Inventory                      PO       = *Per os*
  BMI                                 = Body mass index                             QTc      = Corrected QT
  DBP                                 = Diastolic blood pressure                    QTd      = QT dispersion
  ECG                                 = Electrocardiography                         SBP      = Systolic blood pressure
  HR                                  = Heart rate                                  SPSS     = Statistical Package for Social Science
  HT                                  = Heart transplantation                       STAI-I   = State Trait Anxiety Inventory
  MAP                                 = Mean arterial pressure                      TI       = Tracheal intubation
  QTc                                 = Corrected QT interval                                 

INTRODUCTION
============

Major cardiac surgery causes fear, stress and anxiety on many patients^\[[@r1]-[@r5]\]^. Due to concern, fear and due to some unknown reasons, it is stated that patients may experience high levels of anxiety prior to cardiac surgery^\[[@r6]\]^. It has been previously shown that one or two days before cardiac surgery the anxiety levels of patients rises up to 20-50%^\[[@r2],[@r3]\]^.

Anxiety, depression and negative thoughts may also cause pathological changes^\[[@r7]\]^. It has been found that increased anxiety leads to sympathetic hyperactivity through elevated levels of serotonin, dopamine, plasma norepinephrine and metabolites in patients^\[[@r8],[@r9]\]^. This, in return, decreases the ventricular fibrillation threshold via prolonged and increased dispersion of repolarization^\[[@r10]\]^. It has been shown in the literature that increased anxiety and stress levels may increase the likelihood of cardiac arrhythmia through prolonged QT dispersion (QTd)^\[[@r11],[@r12]\]^.

It is known that coronary bypass surgery causes more catecholamine release during laryngoscopy and tracheal intubation (TI) compared to other operations, resulting in a sudden increase in blood pressure and heart rate (HR)^\[[@r13],[@r14]\]^. Previous studies have also shown that increased plasma levels of catecholamine increase P-wave dispersion (Pd) on electrocardiography, prolong corrected QT (QTc) distance, and QT dispersion. Moreover, Pd changes have been associated with atrial arrhythmias, however, changes in QTc and QTd were associated with ventricular arrhythmia and sudden death^\[[@r15]-[@r17]\]^.

Electrocardiography (ECG) is a reliable indicator that is frequently used to detect pathological electrical activity. The QT interval is an indicative of ventricular repolarization, and its extension is considered a risk factor for arrhythmias^\[[@r18]\]^. QT dispersion is defined as the difference between the longest QT and the shortest QT of the 12-lead ECG reflecting the different regions of ventricular repolarization. Laryngoscopy and TI in anesthesia induction increases HR and mean arterial pressure (MAP) values, as well as changes the electrophysiological properties of the heart^\[[@r19]-[@r23]\]^. In the literature, inhalers have been shown to extend QT interval following anesthetic agents and TI^\[[@r24],[@r25]\]^.

In this study, we investigated the effects of relieving preoperative anxiety on electrophysiological changes in patients who will undergo off-pump coronary artery bypass surgery. In these patients, high levels of stress are induced during pre-induction, as well as laryngoscopy and tracheal intubation.

METHODS
=======

The present randomized controlled study was performed after approval of the Abant Izzet Baysal University Ethics Committee for Clinical Researches by 2017/05. All patients provided their written and oral consent to participate in the study during preoperative examination. All patients underwent off-pump coronary artery bypass grafting surgery under general anesthesia, performed in Abant Izzet Baysal University at the Training Research Hospital. A total of 61 patients in ASA III risk group in the age range of 18-65 years were enrolled in the present study. Sixty-one patients, who agreed to participate in the study, were randomly divided into two groups. The group administered with anxiolytic-sedative drug was called Group S (Sedation group), and the group that was not administered any anxiolytic-sedative drug was called Group C (Control group). Group S was administered 0.04 mg/kg lorazepam *per os* (PO) twice; once the night before the operation, then 2 hours before the operation. Group C was not administered with any anxiolytic premedication.

Evaluations were performed and recorded using both the State Trait Anxiety Inventory-TX1 (STAI-I) form, consisting of 20 parameters, and the Beck Anxiety Inventory (BAI), consisting of 21 parameters for the state anxiety measurement of the patients. STAI-I is used to show the individual differences in anxiety levels, which is intensified in response to potentially threatening events^\[[@r26]\]^. In this questionnaire, a total score of 20 to 80 was given to each participant using a 4-point Likert scale. In this test, higher scores are indicative of elevated anxiety levels^\[[@r26]-[@r28]\]^. BAI was scored from 0 to 3 using a 4-point Likert scale. This test is used to focus on somatic symptoms of anxiety^\[[@r29]\]^.

On the day of operation, the STAI-I and BAI evaluations were performed by a practitioner who did not know the patient\'s groups. In the operating room, 16-18 G intravenous catheters were inserted into separate arms and 0.05 mg/kg morphine was administered intravenously to provide sedation. For all patients, ECG for heart rate (HR), pulse oximetry (SpO~2~) for peripheral oxygen saturation and standard monitoring were performed. Moreover, to monitor the arterial blood pressure, Allen test was performed from a normal arm under topical anesthesia using a 20G catheter. The systolic blood pressure (SBP), diastolic blood pressure (DBP) and MAP parameters were also recorded. Furthermore, during preanesthetic induction, patients were connected with standard 12-lead ECG (Nihon Kohden, Model EKG-1350K, Japan) to confirm sinus rhythm and pre-induction ECG recording was obtained. ECG recordings were performed at a speed of 25 mm/sec.

Anesthesia induction was started using 1-2 mg/kg propofol and 2 mcg/kg fentanyl. After loss of consciousness, muscle relaxation was achieved with 0.6 mg/kg rocuronium. This is followed by face mask ventilation for 3 minutes. Then, patients were intubated using a tube of similar size (size 8). Following the 12-lead ECG induction of the patients, after induction at the 1^st^ and 3^rd^ minutes, as well as after intubation, at the 30^th^ second in the 2^nd^ and 4^th^ minutes, records were taken. Then, the anesthesia was continued with air and 1-2% sevoflurane in 50% oxygen. At the same time, central venous catheter was inserted, and hemodynamic parameters, including HR and MAP, were measured and recorded before induction, after induction at the 1^st^ and 3^rd^ minutes, as well as after intubation and at the 30^th^ second in the 2^nd^ and 4^th^ minutes. QT and P dispersion in each derivation of all ECGs was calculated by a cardiologist and anesthesiologist. The QT dispersion was calculated as the difference between the maximum and minimum QT values (QTd = maximum QT - minimum QT). Likewise, P dispersion was calculated as the difference between the maximum and minimum P-values.

Statistical Analysis
--------------------

The Statistical Package for Social Science (SPSS 23.0) program was used to perform statistical analysis. The descriptive variables age, body mass index (BMI), QT dispersion, P dispersion, and MAP were calculated as mean ± standard deviation. The Kolmogorov-Smirnov test was used to determine whether variables were normally distributed. Independent-Samples T-test was used to analyze the normally distributed variables between the groups. Analysis of variance for repeated measures was used to compare QT dispersion, P dispersion and MAP at different intubation time periods. When a significant overall effect was detected, Tukey's post-hoc test was conducted for comparison of the mean values for the two variables. The chi-squared and Fisher\'s exact tests were used for the analysis of the categorical variables. A *P*-value less than 0.05 (*P*\<0.05) was considered as the statistical significance limit. Compared with previous studies^\[[@r30]\]^, to achieve α\<0.05 and β=80% according to QT dispersion, 22 subjects were required in the control group, and 22 subjects were required in the sedation group.

RESULTS
=======

There was no significant difference between groups in terms of age, gender, BMI and duration of intubation (*P*\>0.05) ([Table 1](#t1){ref-type="table"}). Preoperative STAI-I scores were significantly lower in sedation group compared to the controls (*P*\<0.05) ([Table 2](#t2){ref-type="table"}). When BAI and STAI scores were compared within the group, no significant difference was observed in Group S (*P*=0.102). However, the scores were significantly higher in Group C (*P*\<0.001) ([Table 2](#t2){ref-type="table"}).

###### 

Baseline and intraoperative characteristics of patients.

  Characteristic                 Group S (n=30)   Group C (n=31)   *P* -value
  ------------------------------ ---------------- ---------------- ------------
  Age (years)                    63.4±8.6         60.5±11.2        0.272
  Body mass index (kg/m^2^)      28.3±3.6         27.1±3.2         0.159
  Male, N (%)                    25 (83.3%)       27 (87.1%)       0.731
  Female, N (%)                  5 (16.7%)        4 (12.9%)         
  Duration of intubation (sec)   9.3±3.3          8.3±2.1          0.180
  Mean number of grafts          4.0±0.9          3.7±1.3          0.274

Values are expressed as mean (SD) or n (%).

###### 

The difference in BAI and STAI-I values between control and sedation groups.

                     Group S   Group C                                                                                                                                                                                                     
  ------------------ --------- ------------ ------------------------------------------- -------------------------------------------- ------------------------------------------ ------------- -------------------------------------------- -------------
  Preoperative       4.8±4.5   *P* =0.102   35.0±9.6                                    *P* =0.031                                   5.9±7.4 [\*](#TFN2){ref-type="table-fn"}   *P* \<0.001   41.4±10.4 [\*](#TFN2){ref-type="table-fn"}   *P* \<0.001
  Before induction   3.3±4.7   31.1±9.5     10.2±8.7 [\*](#TFN2){ref-type="table-fn"}   51.6±11.1 [\*](#TFN2){ref-type="table-fn"}                                                                                                         

Indicates statistical significance.

STAI and BAI values were significantly higher in the Group C compared to the Group S ( *P* \<0.05).

In the intergroup evaluation of the cases, MAP values during intraoperative period showed no significant difference (*P*\>0.05) ([Figure 1](#f1){ref-type="fig"}). Heart rate was only significantly reduced in Group S following the 30^th^ second of intubation ([Figure 2](#f2){ref-type="fig"}).

Fig. 1Comparison of mean arterial pressure between groups.

Fig. 2Comparison of heart rate between groups.

The differences between these groups were examined by multiple comparison tests. According to these results, mean values of QTd measured before induction, at the 1^st^ minute of induction, 30^th^ second of intubation and 4^th^ minute of intubation in sedation group were significantly reduced compared to controls (*P*=0.024; *P*=0.027; *P*=0.001; *P*=0.033, respectively) ([Table 3](#t3){ref-type="table"}).

###### 

Comparison of QT dispersion between groups in different time periods of intubation.

  QT dispersion (msec)       Group S       Group C       *P* -value
  -------------------------- ------------- ------------- ----------------------------------------
  Preoperative               46.0 (±8.7)   46.7 (±7.4)   0.734
  Before induction           46.9 (±9.6)   51.9 (±6.8)   0.024 [\*](#TFN4){ref-type="table-fn"}
  1^st^ min of induction     46.4 (±7.9)   50.1 (±4.3)   0.027 [\*](#TFN4){ref-type="table-fn"}
  3^rd^ min of induction     48.0 (±6.7)   47.5 (±5.4)   0.727
  30^th^ sec of intubation   50.7 (±6.8)   55.9 (±4.9)   0.001 [\*](#TFN4){ref-type="table-fn"}
  2^nd^ min of intubation    48.6 (±6.0)   51.5 (±6.0)   0.068

There was a statistically significant difference between Group C and Group S ( *P* \<0.05).

The mean values of P dispersion measured before induction, at the 3^rd^ minute of induction, 30^th^ second of intubation and 4^th^ minute of intubation in sedation group were significantly reduced compared to the controls (*P*=0.001; *P*=0.020; *P*=0.023; *P*=0.005, respectively) ([Table 4](#t4){ref-type="table"}).

###### 

Comparison of P dispersion between groups in different time periods of intubation.

  P dispersion (msec)        Group S       Group C       *P* -value
  -------------------------- ------------- ------------- ----------------------------------------
  Preoperative               31.2 (±3.1)   31.8 (±3.4)   0.447
  Before induction           30.4 (±3.9)   33.9 (±3.9)   0.001 [\*](#TFN5){ref-type="table-fn"}
  1^st^ min of induction     31.0 (±2.2)   31.9 (±3.2)   0.232
  3^rd^ min of induction     30.4 (±2.2)   32.7 (±4.8)   0.020 [\*](#TFN5){ref-type="table-fn"}
  30^th^ sec of intubation   38.2 (±3.1)   40.1 (±3.1)   0.023 [\*](#TFN5){ref-type="table-fn"}
  2^nd^ min of intubation    34.3 (±3.1)   35.9 (±2.9)   0.051
  4^th^ min of intubation    32.2 (±2.4)   34.0 (±2.3)   0.005 [\*](#TFN5){ref-type="table-fn"}

There was a statistically significant difference between Group C and Group S (*P* \<0.05).

DISCUSSION
==========

The current study showed that the high anxiety levels of patients who underwent coronary bypass surgery had increased QTd and Pd intervals. On the other hand, removal of preoperative anxiety shortened QTd and Pd intervals in pre-induction and following laryngoscopy and TI procedures.

The main reasons of increased level of preoperative anxiety in cardiac surgeries in patients awaiting coronary artery bypass surgery are unawareness of surgery and the fear caused by the lack of knowledge. It is considered normal for intense anxiety in patients a couple of days before the surgery or during the surgery preparations. Lichtor et al.^\[[@r31]\]^ reported that the anxiety level of the patient during the day before surgery was not different from the level of anxiety prior to entering the operating room in the day of surgery. Some of the patients experienced high levels of anxiety and this increased levels has been associated with increased QT dispersion leading to cardiac arrhythmias^\[[@r11]\]^. It has also been shown that mental stress can increase QT dispersion^\[[@r12]\]^. In the present study, we observed that BAI and STAI scores of anxiety-deprived patients, who were waiting for coronary bypass surgery, showed a decrease in preoperative turnover compared to preoperative turnout, where BAI and STAI scores were increased in the control group. The results of the present study suggest that increased anxiety assessment scores in the control group increased patients' preoperative anxiety. As a result, it significantly increased QTd and Pd intervals before induction. The results of the current study for the effects of anxiety on QTd and Pd were similar to those previously published in the literature^\[[@r11],[@r12]\]^. Due to the prolonged QT dispersion leading to ventricular arrhythmias and the risk of sudden death^\[[@r32],[@r33]\]^, we have shown that it is important to reduce patients' anxiety levels before surgery.

In the literature, the effect of implementation of laryngoscopy, a procedure that prolongs the QTD and Pd interval, and TI^\[[@r15]-[@r17],[@r30]\]^ in QT or P dispersions in a patient undergoing anxiety-relieved coronary bypass surgery has not been reported. Catecholamine release and stress response during laryngoscopy and TI can lead to severe complications in patients with cardiovascular and cerebral disease, as well as increase the risk of mortality and morbidity^\[[@r15],[@r34]\]^. It has been reported that QT dispersion could be used for HT patients as an indicator for the prevention of sudden cardiac death^\[[@r35],[@r36]\]^. In addition, the QTd interval after TI is prolonged and is even more severe in patients with coronary artery disease and HT^\[[@r21]\]^. Similar to the QT dispersion, prolonged Pd interval is considered to be indicative of supraventricular arrhythmias. In many studies, Pd interval has been reported to be a useful and simple method for determining the risk of paroxysmal atrial fibrillation^\[[@r37]\]^. Changes in the P-wave interval in patients with diastolic dysfunction, myocardial ischaemia and acute coronary syndrome have been shown in the literature^\[[@r38],[@r39]\]^. Previous studies have shown that volatile anesthetics and TI may prolong the QT interval period^\[[@r24]\]^. On the other hand, the use of propofol, as an intravenous anesthetics, may be more appropriate without prolonging the QT interval^\[[@r40]\]^ and shortens the Pd interval^\[[@r41]\]^. Likewise, administration of fentanyl at a dose of 2 mcg/kg before induction of propofol has been shown to reduce the length of laryngoscopy and TI-dependent QTc interval^\[[@r42]\]^. In the current study, we also used drugs with positive effects on laryngoscopy and QT and P dispersion durations during TI. Moreover, we also observed that propofol and fentanyl decreased laryngoscopy and TI-dependent QT and P dispersions. We found that the elimination of anxiety contributed more positive effects to decrease the QT and Pd times. In the literature, although it has been reported that some benzodiazepines may lead to alterations on electrocardiographic parametres^\[[@r43],[@r44]\]^, there are several studies reporting that lorazepam does not directly affect electrocardiographic parametres. including PR prolongation, QRS widening and QTc interval^\[[@r45]-[@r47]\]^. Therefore, we designed this study on the preference of lorazepam as anxiolytic agent.

In conclusion, the results of the present study demonstrate that high anxiety levels in patients with coronary artery disease and coronary bypass surgery have a negative effect through prolonged QT and Pd times. Moreover, anxiety removal before surgery may be useful to prevent ventricular and atrial arrhythmias and associated complications by decreasing the QT and P-wave dispersion durations both during pre-induction and the peak periods of stress response due to laryngoscopy and tracheal intubation.
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